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(57) ABSTRACT

An isolator 10 is formed with an isolation transformer 13 that
blocks an abnormal voltage entering from a communication
line 30 and protects a protection target device 40. A pulse
transformer 43 in the device 40 includes a primary winding
43a connected to a secondary winding 135 of the transformer
13 and a secondary winding 435 connected to an inner circuit.
A medium tap of the primary winding 43a is grounded
through an inner capacitance Ci of the device 40. A parasitic
capacitance Cs between the primary winding 13a and the
secondary winding 135 of the transformer 13 and the inner
capacitance Ci are connected in series, an abnormal voltage is
divided by the capacitance Cs and the capacitance Ci, and a
capacitance value of the capacitance Cs is set such that the
divided voltage of the capacitance Ci is equal to or below a
predetermined value.

11 Claims, 12 Drawing Sheets
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1
COMMUNICATION LINE ISOLATOR

BACKGROUND ART

1. Field of the Invention

The present invention relates to a communication line iso-
lator (which is referred to as, for example, a surge protective
device (hereinafter referred to as “SPD”) for LAN) arranged
s0 as to intervene in a communication line in order to protect
protection target devices corresponding to communication
devices including an optical network unit (hereinafter
referred to as “ONU”), a home gateway (hereinafter referred
to as “HGW?), a personal computer (hereinafter referred to as
“PC”) and a modem, which are connected to a communica-
tion line such as a local area network (hereinafter referred to
as “LLAN”) line. In particular, the present invention relates to
an isolation-type communication line isolator having high
pressure resistance performance (e.g. isolation-type LAN
SPD).

2. Description of the Related Art

In order to protect communication devices corresponding
to protection target devices from an abnormal voltage or
abnormal current such as a lightning surge which enters from
a power wire, communication wire or grounding wire, the
SPD is installed in each wire. SPD’s are broadly classified
into two types (i.e. current release type and isolation type) as
described below.

As a current-release-type SPD in the related art, for
example, there are known a current-release-type SPD for
power disclosed in Japanese Patent Laid-Open No. 2008-
206263 and a current-release-type SPD for communication
disclosed in Japanese Patent Laid-Open No. 11-341677.
These current-release-type SPD’s are formed with an
arrester, varistor and so on, and these components are
grounded. As an operation, by causing the SPD to accept an
abnormal current and release the abnormal current to the
ground side, the abnormal current is prevented from entering
the communication device side.

Also, as an isolation-type SPD in the related art, for
example, there are known an isolation type SPD for power
disclosed in Japanese Patent Laid-Open No. 2005-151705
and an isolation type SPD for communication disclosed in
Japanese Patent Laid-Open No. 10-64740. These isolation-
type SPD’s are formed with an isolation voltage inverter (i.e.
isolation transformer), and, although there are many SPD
types that are grounded by setting an electrostatic shield to the
isolation transformer, there are SPD types that are not
grounded. As an operation, by causing the isolation trans-
former to intervene in a line of a power wire or communica-
tion wire, an isolation unit is formed in the line, and therefore
an abnormal current does not enter the communication device
side as long as the isolation transformer is not destroyed.

When the isolation-type SPD is explained, an isolation
transformer used in this isolation-type SPD has a parasitic
capacitance between a primary winding and a secondary
winding. Therefore, even if the primary side corresponding to
the power wire side or the communication wire side and the
secondary side corresponding to the power device side or
communication device side are isolated using an isolation
transformer, part of an abnormal current such as a lightning
surge which enters from the primary winding side of the
isolation transformer passes to the secondary winding side of
the isolation transformer by capacitive coupling by the para-
sitic capacitance.

To cope with such a pending problem, like the isolation-
type SPD’s disclosed in Japanese Patent Laid-Open No.
2005-151705 and Japanese Patent Laid-Open No. 10-64740
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2

of'the related art, it is desirable to basically set an electrostatic
shield between the primary winding side and the secondary
winding side of an isolation transformer and fasten this elec-
trostatic shield to the ground. By this means, it is possible to
suppress an abnormal current flowed from the primary wind-
ing side to the secondary winding side (i.e. it is possible to
extremely lower a so-called surge change ratio) and therefore
it is possible to reliably protect a power device or communi-
cation device from an abnormal current or abnormal voltage.
Also, there is a method of preventing an abnormal current or
abnormal voltage from intervening in the power device side
or communication device side by setting a release-type SPD
before the first winding side of the isolation transformer or
after the secondary winding side of the isolation transformer
and fastening a ground terminal of this release-type SPD to
the ground.

Next, an explanation is given to a LAN SPD which is an
“isolation type” and “does not require grounding” in the
related art.

In recent years, regarding a communication line corre-
sponding to a communication wire, a LAN line becomes
common. Communication devices such as an ONU, an HGW
and a PC connected to the LAN line include, for example, a
LAN connector connected to the L AN line, a pulse voltage
inverter (i.e. pulse transformer) connected to this LAN con-
nector and a LAN controller that is connected to this pulse
transformer and transmits and receives pulse signals. To pro-
tect such a communication device from an abnormal voltage
or abnormal current such as a lightning surge, the LAN SPD
as disclosed in Japanese Patent Laid-Open No. 2011-10085
of'the related art is also installed between the communication
device and the LAN line.

For example, in a communication device installed in an
average house or building’s office, since a ground terminal is
often installed in a predetermined limited place, there are
many cases where it is difficult to lay a grounding wire from
the LAN SPD toward the ground terminal. Therefore, as the
LAN SPD used in an average house or building’s office, there
are many cases where an SPD which s an “isolation type™ and
“does not require grounding” is required. This kind of SPD is
disclosed in, for example, Japanese Patent Laid-Open No.
2008-136303 of the related art.

However, the isolation-type LAN SPD which is one of
communication line isolators in the related art has following
problems (a) and (b).

(a) Regarding Cooperation Problem

A withstand voltage value of an isolation-type LAN SPD
using an isolation transformer in the related art is often
designed to around 5 kV. This is because of considering the
reality that an abnormal voltage of a lightning surge which
enters a LAN line is often equal to or below 5 kV. Further,
when an excessive voltage of around 5 kV is applied to the
primary side of the LAN SPD, although a voltage is caused on
the secondary side of the LAN SPD by capacitive coupling of
an isolation transformer, the voltage caused on the secondary
side is around 1 kV at a maximum. A communication device
connected to the secondary side of the LAN SPD normally
has a structure to withstand a voltage of around 1 kV.

Meanwhile, according to the latest studies and field inves-
tigation report in recent years, a case is reported where a
lightning surge ofaround 13 kV with an impulse waveform of
10/700 ps (i.e. a lightning surge with a waveform which:
reaches the maximum voltage of 13 kV at the timing a time of
10 ps passes from the rising start timing; after that, gradually
attenuates; and, at the timing a time of 700 us passes from the
rising start timing, attenuates up to 7.5 kV, which is a half
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voltage of the maximum voltage of 13 kV) occurs. Therefore,
there is a need to improve a withstand voltage of the LAN
SPD up to around 13 kV.

To improve the withstand voltage of the LAN SPD itself,
the design of an isolation transformer system (e.g. shape) has
to be changed.

However, simply, in a case where the withstand voltage
performance of the LAN SPD is improved to around 13 kV,
the following harmful effect may occur.

For example, when an excessive voltage of around 10kV is
applied to the primary side of the LAN SPD, although a
voltage is caused on the secondary side of the LAN SPD by
capacitive coupling of an isolation transformer, the voltage
caused on the secondary side is several kV (this voltage is
larger than 1 kV, the withstand voltage of the communication
device on the secondary side) and therefore a communication
device on the secondary side may be damaged. In other
words, when an excessive voltage of 10 kV which the LAN
SPD can withstand is caused, the LAN SPD itself may not be
damaged but the communication device on the secondary side
may be damaged.

Therefore, it is requested to develop an LAN SPD that not
only improves the withstand voltage of the LAN SPD simply
but also does not damage the communication device on the
secondary side even if the withstand voltage of the LAN SPD
is improved.

(b) Regarding Chassis of LAN SPD

In a case where the withstand voltage performance of a
LAN SPD is improved up to around 13 kV and a lightning
surge of around 20 kV over the withstand voltage perfor-
mance of the LAN SPD is applied to the LAN SPD, an
isolation transformer inside the LAN SPD is subjected to
breakdown (i.e. aerial discharge between the primary wire
side and the secondary wire side of the isolation transformer),
thereby flowing out an excessive abnormal current from the
primary wire side to the secondary wire side of the isolation
transformer. At this time, in a chassis housing the LAN SPD,
an inner pressure is rapidly increased by thermal expansion of
air due to an abnormal current.

Here, for example, if the chassis of the LAN SPD having
high pressure resistance performance is formed with an iso-
lation member such as a synthetic resin as disclosed in the
related art, it is not possible to withstand a rapid increase of
chassis inner pressure at the time an abnormal current occurs,
and the chassis may burst swiftly. Further, when the chassis
bursts, fragments of the chassis fly off and therefore a risk to
users is concerned.

Therefore, it can be considered to form the chassis with
metal members so as not to burst the chassis of the LAN SPD
in a case where a lightning surge over the withstand voltage
performance of the LAN SPD is applied to the LAN SPD.
However, in the case of the chassis made of metal members,
since the chassis is a conductor, it is necessary to make an
isolation distance between the chassis and the SPD inner
circuit larger than that of the chassis made of isolation mem-
bers, and thereby the LAN SPD itself becomes large and its
cost increases.

Therefore, it is requested to develop a small LAN SPD that
not only improves the withstand voltage of the LAN SPD
simply but also does not burst a chassis made of isolation
members even if the withstand voltage of the LAN SPD is
improved.

SUMMARY OF THE INVENTION

Therefore, to solve the foregoing problem of the related art,
the first object of the present invention is to provide a com-
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munication line isolator that does not damage a protection
target device on the secondary side even if the withstand
voltage of the communication line isolator is improved. Fur-
ther, the second object of the present invention is to provide a
small communication line isolator that does not burst a chas-
sis made ofisolation members even if the withstand voltage of
the communication line isolator is improved.

To achieve the first object, a communication line isolator of
the first invention in the present invention is configured with
an isolation transformer including a primary winding con-
nected to a communication line and a secondary winding
connected to a protection target device that performs commu-
nication with the communication line, and blocks an abnor-
mal voltage entering from the communication line to protect
the protection target device. The protection target device has
a pulse transformer and an inner circuit configured to trans-
mit/receive a pulse signal to/from the communication line via
the pulse transformer and perform the communication, the
pulse transformer includes a primary winding connected to a
side of the secondary winding of the isolation transformer and
a secondary winding connected to an inner circuit side of the
protection target device, and a medium tap in the primary
winding of the pulse transformer is grounded through the
inner capacitance of the protection target device. Further, a
parasitic capacitance caused between the primary winding
and the secondary winding in the isolation transformer and
the inner capacitance are connected in series such that the
lightning surge is divided by the parasitic capacitance and the
inner capacitance, and a capacitance value of the parasitic
capacitance is set such that a divided voltage of the inner
capacitance is equal to or below a predetermined value.

To achieve the second object, a communication line isola-
tor of the second invention in the present invention is the
communication line isolator of the first invention, where: the
isolation transformer is stored in a chassis formed with an
isolation member (e.g. synthetic resin member) and is exter-
nally attached to the protection target device; a pressure
release hole is formed in an outer surface of the chassis; and
the hole is sealed by a seal that can be opened when an inner
pressure of the chassis increases.

According to the communication line isolator of the first
invention, an isolator is formed using an isolation transformer
having a parasitic capacitance, such that: an abnormal voltage
is divided by a combined capacitance in which the parasitic
capacitance of the isolation transformer and the inner capaci-
tance in the protection target device are connected in series;
and the divided voltage of the inner capacitance is equal to or
below a predetermined value. Therefore, it is possible to
simply and accurately realize a high-withstand-voltage isola-
tion-type isolator without applying an excessive divided volt-
age to the protection target device side and causing a bad
effect of damaging the protection target device even if the
isolator is subjected to a high withstand voltage.

According to the communication line isolator of the second
invention, an isolation transformer is stored in a chassis
formed with an isolation member, a pressure release hole is
formed in the chassis to prevent a burst of the chassis at
abnormal time (i.e. at the time an inner pressure increases),
and the hole is sealed by a seal. Therefore, at normal time, it
is possible to prevent invasion of dust or damp from the hole
into the chassis, and, at abnormal time (i.e. at the time the
inner pressure increases ), since the seal is removed or broken,
itis possible to let out the inner pressure and prevent a burst of
the chassis. Therefore, it is possible to realize a communica-
tion line isolator in which, regardless of the chassis formed
with the isolation member, the chassis is not burst even by an
increase of the inner pressure.
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The foregoing and other objects and new features of the
present invention will be clarified when the description of the
preferred embodiments below is read against the accompa-
nying drawings. However, the drawings below are mainly
provided for explanation and do not limit the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a rough circuit configuration diagram illustrat-
ing a communication line isolator 10 according to a first
embodiment of the present invention;

FIG. 1B is a rough circuit configuration diagram illustrat-
ing a protection target device 40 according to the first embodi-
ment of the present invention;

FIG. 2A and FIG. 2B are perspective views illustrating an
outline of an isolator 10 in FIG. 1B;

FIG. 3A and FIG. 3B are rough configuration diagrams
illustrating the inside of the isolator 10 in FIG. 2B;

FIG. 4 is a schematic waveform diagram illustrating the
definition of an impulse waveform (10/700 ps);

FIG. 5A and FIG. 5B are schematic diagrams illustrating
equivalent circuits of capacities in FIG. 1A and FIG. 1B;

FIG. 6 A, FIG. 6B and FIG. 6C are diagrams illustrating test
verification results of capacitance in FIG. 5A and FIG. 5B;

FIG. 7 is a rough circuit configuration diagram illustrating
a communication line isolator 10A and a protection target
device 40A according to a second embodiment of the present
invention;

FIG. 8A is a rough circuit configuration diagram illustrat-
ing a communication line isolator 10B according to a third
embodiment of the present invention;

FIG. 8B is a rough circuit configuration diagram illustrat-
ing a protection target device 40B according to the third
embodiment of the present invention;

FIG. 9 is a rough circuit configuration diagram illustrating
a communication line isolator 10C and a protection target
device 40C according to a fourth embodiment of the present
invention; and

FIG. 10 is a rough circuit configuration diagram illustrating
main components of a protection target device 40D according
to a fifth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

(Configuration in First Embodiment)

FIG. 1A is a rough circuit configuration diagram illustrat-
ing a communication line isolator 10 according to a first
embodiment of the present invention and FIG. 1B is a rough
circuit configuration diagram illustrating a protection target
device 40 according to the first embodiment of the present
invention.

As illustrated in FIG. 1A and FIG. 1B, the communication
line isolator 10 according to the first embodiment is an exter-
nal isolation-type LAN SPD (e.g. 1000Base-T SPD corre-
sponding to gigabit Ethernet (registered trademark) standard)
with high pressure resistance performance and without
grounding. This isolator 10 is detachably connected between
a communication line (e.g. LAN cable formed with four
twisted pairs of wires or eight wires as a LAN line) 30 and a
protection target device 40 corresponding to a communica-
tion device.

The isolator 10 has a chassis 11 formed with an isolation
member (e.g. synthetic resin member). A first connector (e.g.
eight-position modular jack) 12 for input and output is
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attached to one side surface out of the facing side surfaces of
the chassis 11. An eight-position modular plug 31 connected
to a terminal unit of the LAN cable 30 is detachably attached
to this modular jack 12. In the chassis 11, four isolation
transformers 13 (=13-1 to 13-4) are stored. Each isolation
transformer 13 includes a primary winding 13a and a second-
ary winding 135 wound around a core, each primary winding
13a is connected to the modular jack 12 and each secondary
winding 135 is connected to one end of the LAN cable 14
formed with four twisted pairs of wires or eight wires. There
is a parasitic capacitance Cs between the primary winding
13a and the secondary winding 135 of each isolation trans-
former 13.

The other end of the LAN cable 14 is pulled out from the
other side surface of the chassis 11 to the outside, and a
second connector for input and output (e.g. eight-position
modular plug) 15 is connected to the other end of the LAN
cable 14. The modular plug 15 is detachably attached to the
protection target device 40.

The protection target device 40 includes, for example, an
ONU, an HGW and a PC, and each component is stored in the
chassis 41 as follows. A connector for input and output (e.g.
eight-position modular jack) 42 is attached to an outer surface
(e.g. side surface) of the chassis 41. The modular jack 42 is
detachably attached to the modular plug 15 on the side of the
isolator 10. In the chassis 41, four pulse transformers 43
(=43-1 to 43-4) for input and output, four resistances 44
(=44-1 to 44-4) for impedance matching, a common inner
capacitance Ci and a communication controller (e.g. LAN
controller) 50 as an inner circuit or the like are stored.

Each pulse transformer 43 transmits a pulse signal for
transmission and reception and includes a primary winding
43a and a secondary winding 435 wound around a core, each
primary winding 43a is connected to the modular jack 42 and
each secondary winding 4354 is connected to the LAN con-
troller 50. In the primary winding 43a of each pulse trans-
former 43, a medium tap corresponding to a center tap is
connected (i.e. grounded) to a frame grounding terminal of
the chassis 41 via each resistance 44 and the common inner
capacitance Ci. For example, the resistance value of each
resistance 44 is 75Q and the capacitance value of the common
inner capacitance Ci is 1000 pF.

The LAN controller 50 has a transmission and reception
function to transmit and receive a transmission pulse signal
and a reception pulse signal in a switching manner, and, at the
time of transmission, transmits transmission pulse signals
generated in an non-illustrated protection target device itself
to the secondary windings 435 of four pulse transformers 43
(=43-1 to 43-4), and, at the time of reception, receives recep-
tion pulse signals transmitted from the secondary windings
43b of four pulse transformers 43 (=43-1 to 43-4) and gives
them to the non-illustrated protection target device itself.

FIG. 2A and FIG. 2B are perspective views illustrating an
outline of the isolator 10 in FIG. 1B, where FIG. 2A is the
overall perspective view and FIG. 2B is a perspective view
illustrating part of FIG. 2A. Further, F1G. 3A and FIG. 3B are
rough configuration diagrams illustrating the inside of the
isolator 10 in FIG. 2B, where FIG. 3A is a vertical cross-
sectional view of the isolator 10 and FIG. 3B is a plan view
illustrating the inside of the isolator 10.

The chassis 11 storing, for example, the isolation trans-
formers 13-1 to 13-4 of the isolator 10 includes a lower
member 21 having a substantially square plate shape and an
upper member 22 having a substantially box shape in which
the bottom surface to cover the surface of this lower member
21 is opened, and has a structure in which the upper member
22 is detachably fitted onto the lower member 21. A plug
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insertion opening unit 23 is formed in one side surface out of
the facing side surfaces of the upper member 22. A cable
pullout opening unit 24 is formed in the other side surface of
the upper member 22 and the side surface of the lower mem-
ber 21 to contact to this other side surface.

In the upper member 22, there is designed a shielding unit
25 to separate a modular jack storage space 22a and an iso-
lation transformer storage space 22b. Further, in an upper
surface corresponding to an outer surface of the upper mem-
ber 22, multiple pressure release holes 26 are formed in a part
corresponding to the isolation transformer storage space 225
in order to prevent a burst of the chassis 11 at abnormal time
(i.e. at the time an inner pressure increases). In the upper
surface of the upper member 22, a seal 27 is put on the parts
in which the multiple holes 26 are formed, in a detachable or
breakable manner, in order to prevent the degradation of
withstand voltage performance due to invasion of dust or
damp from the holes 26 into the inside of the chassis. The seal
27 has functions of: sealing the multiple holes 26 at normal
time to prevent invasion of dust or damp; being removed or
broken at abnormal time (i.e. at the time the inner pressure
increases) of the chassis 11 and opening these holes 26 to let
out the inner pressure; and preventing a burst of the chassis
11.

On the lower member 21, a printed circuit board 28 is
attached. On the printed circuit board 28, the modular jack 12
is fixed to a part corresponding to the modular jack storage
space 22a, and, furthermore, four isolation transformers 13-1
to 13-4 are fixed at predetermined intervals to a part corre-
sponding to the isolation transformer storage space 22b. The
terminal part of the LAN cable 14 is arranged between two
isolation transformers 13-1 and 13-2 and two isolation trans-
formers 13-3 and 13-4, and this LAN cable 14 is pulled out
from the opening unit 24 to the outside. The space between
four isolation transformers 13-1 to 13-4 and the modular jack
12 is shielded by the shielding unit 25. The terminal unit of the
LAN cable 14, the isolation transformers 13-1 to 13-4 and the
modular jack 12 are electrically connected to each other by a
wiring pattern formed in the printed circuit board 28.

(Setting of Pressure Resistance Performance in First)
Embodiment

FIG. 4 is a schematic waveform diagram illustrating the
definition of an impulse waveform (10/700 ps).

In this FIG. 4, the horizontal axis represents time T (us) and
the vertical axis represents a voltage v (V). For example, in a
lightning surge of around 13 kV with an impulse waveform of
10/700 ps, the waveform reaches the maximum voltage of 13
kV at the timing a time of 10 us passes from the rising start
timing, and, after that, gradually attenuates, and, at the timing
atime of 700 ps passes from the rising start timing, attenuates
up to 7.5kV, which is a half voltage of the maximum voltage
of 13kV.

FIG. 5A and FIG. 5B are schematic diagrams illustrating
equivalent circuits of the capacities in FIG. 1A and FIG. 1B,
where FIG. 5A is a circuit diagram of the main components in
FIG. 1A and FIG. 1B and FIG. 5B is an equivalent circuit
diagram of the capacitance in FIG. 5A.

The parasitic capacitance Cs of each isolation transformer
13 in the isolator 10 and the inner capacitance Ci in the
protection target device 40 are connected in series to the
ground side. When an abnormal voltage Vmax such as a
lightning surge is applied from the LAN cable 30 to the
isolator 10, this abnormal voltage Vmax is divided by the
parasitic capacitance Cs and the inner capacitance Ci, a
divided voltage Vs is added to the parasitic capacitance Cs
and a divided voltage Vi is added to the inner capacitance Ci.
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A combined capacitance Ct of the parasitic capacitance Cs
and the inner capacitance Ci connected in series is as follows:

Ct=(Csx Ci)/(Cs+Ci)
An electric charge Qt of the whole series circuit, an electric

charge Qs of the parasitic capacitance Cs part and an electric
charge Qi of the inner capacitance Ci part are as follows:

Or=Ct-Vmax
Os=CsVs

Qi=Ci-Vi
Since the electric charge Qt of the whole series circuit, the
electric charge Qs of the parasitic capacitance Cs and the
electric charge Qi of the inner capacitance Ci are equal,
Qt=Qs=Qi is established. From the above equations, the
divided voltages Vs and Vi are as following equations (1) and

@-

Vs=Qs-(1/Cs)
=(Cr-Vmax)-(1/Cs)
=[Ci/(Cs + Ci)]- Vmax

®

Vi=Qi-(1/CD)
= (Cr-Vmax)- (1/Ci)
= [Cs/(Cs + Ci)]- Vmax

@

Next, specific examples (a) to (c) and test verification
results (d) of the specific examples will be explained.

(a) Specific Example 1

The withstand voltage of the isolator 10 is set to around 13
kV, the withstand voltage of the protection target device 40
(i.e. inner capacitance Ci) is set to around 1.5 kV, and, fur-
thermore, the electrostatic capacitance value of the inner
capacitance Ci is set to 1000 pF.

For example, in a case where the electrostatic capacitance
value of the parasitic capacitance Cs is set to 115 pF, when the
abnormal voltage Vmax (=13 kV) is applied, the divided
voltage Vi of the inner capacitance Ci, which is represented by
equation (2), changes to Vi=[115/(115+1000)-13000~1.34
kV. Accordingly, since the divided voltage Vi of the inner
capacitance Ciis 1.34 kV below the withstand voltage 1.5kV,
the inner capacitance Ci is not damaged.

(b) Specific Example 2

The withstand voltage of the isolator 10 is set to around 13
kV, the withstand voltage of the protection target device 40
(i.e. inner capacitance Ci) is set to around 1.5 kV, and, fur-
thermore, the electrostatic capacitance value of the inner
capacitance Ci is set to 1000 pF.

For example, in a case where the electrostatic capacitance
value of the parasitic capacitance Cs is set to 10 pF, when the
abnormal voltage Vmax (=13 kV) is applied, the divided
voltage Vi of the inner capacitance Ci, which is represented by
equation (2), changes to Vi=[10/(10+1000)-13000=~129 kV.
Accordingly, since the divided voltage Vi of the inner capaci-
tance Ci is 129 V below the withstand voltage 1.5 kV, the
inner capacitance Ci is not damaged.

(c) Specific Example 3

Similar to the specific example 2, the withstand voltage of
the isolator 10 is set to around 13 kV, the withstand voltage of
the protection target device 40 (i.e. inner capacitance Ci) is set
to around 1.5 kV, and, furthermore, the electrostatic capaci-
tance value of the inner capacitance Ci is set to 1000 pF.
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For example, in a case where the electrostatic capacitance
value of the parasitic capacitance Cs is set to 10 pF, when the
abnormal voltage Vmax (=5400 V) is applied, the divided
voltage Vi of the inner capacitance Ci, which is represented by
equation (2), changes to Vi=[10/(10+1000)-5400~53V.
Accordingly, since the divided voltage Vi of the inner capaci-
tance Ci is 53 V below the withstand voltage 1.5 kV, the inner
capacitance Ci is not damaged.

(d) Test Verification Results of Specific Examples

FIG. 6 A, FIG. 6B and FIG. 6C are diagrams illustrating test
verification results of the capacities in FIG. 5A and FIG. 5B,
where FIG. 6A is a schematic diagram illustrating a test
apparatus and, furthermore, FIG. 6B and FIG. 6C are wave-
form diagrams of the test verification results.

In FIG. 6A, similar to the specific example 3, using a
high-frequency generator IG, 5400V is applied between both
ends of the series circuit formed with the parasitic capaci-
tance Cs (=10 pF) and the inner capacitance Ci (=1000 pF), a
voltage between both nodes CH1 and CH2 of the parasitic
capacitance Cs is observed by an oscilloscope OSC and the
waveform diagram of FIG. 6B is acquired. The voltage of the
node CHI1 is an applied voltage and the voltage of the node
CH2 is a residual voltage of the inner capacitance Ci.

As clear from the waveform diagram of FIG. 6B, the
divided voltage Viof'the inner capacitance Ciis 128 V. There-
fore, the lightning surge attenuation rate is 128/5400=2.37/
100=2.37%.

According to the test verification results, the divided volt-
age Vi of the inner capacitance Ci is 128 V, which is larger by
53 V than the theoretical value explained in the specific
example 3. This may be because there is an electrostatic
capacitance value of around 10 pF between the ground, the
oscilloscope OSC and the node CH1 and between the ground,
the oscilloscope OSC and the node CH2. In any event, since
the divided voltage Vi of the inner capacitance Ci is below the
withstand voltage 1.5 kV, the inner capacitance Ci is not
damaged.

In view of these, if 13000V (=13 kV) is applied between
both ends of the series circuit formed with the parasitic
capacitance Cs (=10 pF) and the inner capacitance Ci (=1000
pF), a voltage (=divided voltage Vi) appearing on the node
CH2 of'the inner capacitance Ci is estimated to be around 308
V based on the following equation, and, when this estimation
waveform diagram is shown, it is as shown in FIG. 6C.

13000 Vx0.0237=308 V

This estimated divided voltage Vi of 308 V is larger than
129V which is the theoretical value explained in the specific
example 2. This may be because, as described above, there is
an electrostatic capacitance value of around 10 pF between
the ground, the oscilloscope OSC and the node CH1 and
between the ground, the oscilloscope OSC and the node CH2.
In any event, since the divided voltage Vi of the inner capaci-
tance Ci is below the withstand voltage 1.5 kV, the inner
capacitance Ci is not damaged.

A feature of the first embodiment is to configure the isola-
tor 10 using four isolation transformers 13-1 to 13-4 each
having the parasitic capacitance Cs, such that the abnormal
voltage Vmax is divided by the combined capacitance Ct and
the divided voltage Vi of the inner capacitance Ci is equal to
or below a predetermined value (e.g. equal to or below a
withstand voltage of 1.5 V), where the combined capacitance
Ct is formed by connecting the parasitic capacitance Cs of
each isolation transformer 13 in the isolator 10 and the inner
capacitance Ci in the protection target device 40 in series.
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(Operation in First Embodiment)

An explanation will be given to an operation (I) at normal
time and an operation (II) at abnormal time in the isolator 10
and the protection target device 40 illustrated in FIGS. 1A,
1B, 2A, 2B, 3A and 3B.

(D Operation at Normal Time

In FIG. 1A and FIG. 1B, at the time of transmission in the
protection target device 40, a transmission pulse signal output
from the LAN controller 50 in the protection target device 40
is transmitted to the modular jack 42 via four pulse transform-
ers 43-1to 43-4. The transmission pulse signal transmitted to
the modular jack 42 is transmitted to the modular jack 12 via
the modular plug 15, the LAN cable 14 and four isolation
transformers 13-1 to 13-4 on the side of the isolator 10. The
transmission pulse signal transmitted to the modular jack 12
is transmitted to the LAN cable 30 via the modular plug 31.

Also, at the time of reception in the protection target device
40, a reception pulse signal transmitted from the LAN cable
30 is input in the modular jack 12 on the side of the isolator 10
via the modular plug 31. The reception pulse signal input in
the modular jack 12 is transmitted to the modular jack 42 on
the side of the protection target device 40 via four isolation
transformers 13-1 to 13-4, the LAN cable 14 and the modular
plug 15 in the isolator 10. The reception pulse signal trans-
mitted to the modular jack 42 is received in the LAN control-
ler 50 via four pulse transformers 43-1 to 43-4 in the protec-
tion target device 40.

(II) Operation at Abnormal Time

For example, the withstand voltage of the isolator 10 is set
to around 13 kV. Further, the withstand voltage of the protec-
tion target device 40 (i.e. withstand voltage of the inner
capacitance Ci) is set to around 1.5 kV and the electrostatic
capacitance value is set to 1000 pF, and, in response to this,
the electrostatic capacitance value of the parasitic capaci-
tance Cs is set to 115 pF or 10 pF.

In a case where the abnormal voltage Vmax (e.g. 13 kV)
such as a lightning surge enters from the LAN cable 30 into
the side of the isolator 10, the current of the abnormal voltage
Vmax passes from the primary winding 13a to the secondary
winding 135 through capacitance coupling by the parasitic
capacitance Cs of each isolation transformer 13 in the isolator
10.

The current of the abnormal voltage Vmax passing through
the parasitic capacitance Cs of each isolation transformer 13
enters the protection target device 40 via the LAN cable 14,
the modular plug 15 and the modular jack 42. The current of
the abnormal voltage Vmax having entered the protection
target device 40 is released to the ground side via the medium
tap of the first winding 434 in each pulse transformer 43, each
resistance 44 and the inner capacitance Ci. At this time, since
the parasitic capacitance Cs and the inner capacitance Ci are
connected in series to the ground side, the abnormal voltage
Vmax is divided by the parasitic capacitance Cs and the inner
capacitance Ci, the divided voltage Vs is added to the parasitic
capacitance Cs and the divided voltage Vi is added to the inner
capacitance Ci.

The electrostatic capacitance value of the inner capaci-
tance Ci is set to 1000 pF, and, in response to this, the elec-
trostatic capacitance value of the parasitic capacitance Cs is
setto 115 pF or 10 pF. Therefore, since the divided voltage Vi
of'the inner capacitance Ci is below 1.5 kV, the inner capaci-
tance Ci is not damaged.

Meanwhile, with respect to the withstand voltage perfor-
mance system value of 13 kV in the isolator 10, if the abnor-
mal voltage Vmax (e.g. 1.2/50 ps and 15 kV) such as a
lightning surge enters from the LAN cable 30 into the side of
the isolator 10, there are risks that: the isolation transformers
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13 (=13-1 to 13-4) in the isolator 10 are subjected to break-
down; an excessive abnormal current (e.g. abnormal current
at the time of this withstand voltage breakdown is 8/20 pus and
7.5kA) is let out from the side of the primary winding 134 of
these isolation transformers 13 to the side of the secondary
winding 135; and the protection target device 40 is broken. If
such an abnormal current is flowed, in the chassis 11 storing
the isolation transformers 13, thermal expansion of air due to
the abnormal current causes a rapid increase of an inner
pressure, the seal 27 sealing the hole 26 of the chassis 11 is
removed or broken and the inner pressure is discharged from
the hole 26 to the outside. By this means, it is possible to
prevent a burst of the chassis 11.

Also, to protect the breakdown of the isolator 10 from the
abnormal voltage Vmax equal to or above the withstand volt-
age as described above, the withstand voltage performance
system value of the isolator 10 may be set to a value equal to
or above 13 kV according to the predictable abnormal voltage
Vmax.

(Effect of First Embodiment)

According to the first embodiment, following effects (i)
and (i) are provided.

(1) According to the first embodiment, the isolator 10 is
formed using four isolation transformers 13-1 to 13-4 each
having the parasitic capacitance Cs, such that the abnormal
voltage Vmax is divided by the combined capacitance Ct and
the divided voltage Vi of the inner capacitance Ci is equal to
or below a predetermined value (e.g. equal to or below a
withstand voltage of 1.5 V), where the combined capacitance
Ct is formed by connecting the parasitic capacitance Cs of
each isolation transformer 13 in the isolator 10 and the inner
capacitance Ci in the protection target device 40 in series.
Therefore, it is possible to simply and accurately realize the
high-withstand-voltage isolation-type isolator 10, without
applying the excessive divided voltage Vi to the side of the
protection target device 40 and causing a bad effect of dam-
aging the protection target device 40 even if the isolator 10 is
subjected to a high withstand voltage.

(i) To prevent a burst of the chassis 11 at abnormal time
(i.e. at the time the inner pressure increases), the pressure
release hole 26 is formed in this chassis 11 and this hole 26 is
sealed by the seal 27. Therefore, at normal time, it is possible
to prevent invasion of dust or damp from the hole 26 into the
chassis 11, and, at abnormal time (i.e. at the time the inner
pressure increases), since the seal 27 is removed or broken, it
is possible to let out the inner pressure and prevent a burst of
the chassis 11. Therefore, it is possible to realize the isolator
10 in which, regardless of the chassis 11 made of synthetic
resin members, the chassis 11 is not burst even by an increase
of the inner pressure.

Second Embodiment

(Configuration in Second Embodiment)

FIG. 7 is a rough circuit configuration diagram illustrating
the communication line isolator 10A and the protection target
device 40A according to the second embodiment of the
present invention. In this FIG. 7, the same reference numerals
are assigned to the same components as the components in
FIGS. 1A and 1B illustrating the first embodiment.

The communication line isolator 10A according to the
second embodiment is a built-in isolation-type LAN SPD
(e.g. 1000Base-T SPD corresponding to gigabit Ethernet
(registered trademark) standard) with high pressure resis-
tance performance and without grounding. In this isolator
10A, four isolation transformers 13 (=13-1 to 13-4) forming
the communication line isolator 10A are set in the chassis 41
storing the protection target device 40A corresponding to a
communication device.
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The eight-position modular jack 42 is attached to the side
surface of the chassis 41 storing the protection target device
40A. The eight-position modular plug 31 connected to the
LAN cable 30 is detachably attached to the modular jack 42.
In the chassis 41, four input-output isolation transformers 13
(=13-1 to 13-4) forming the communication line isolator
10A, four input-output pulse transformers 43 (=43-1to 43-4),
four resistances 44 (=44-1 to 44-4) for impedance matching,
the common inner capacitance Ci and the LAN controller 50
or the like are stored.

As illustrated in FIG. 1A, each isolation transformer 13
(=13-1 to 13-4) includes the primary winding 13a and the
secondary winding 135, where each primary winding 13« is
connected to the modular jack 42 and each secondary wind-
ing 135 is connected to the primary winding 43a of each pulse
transformer 43. Similar to FIG. 1B, the medium tap in the
primary winding 43a of each pulse transformer 43 is
grounded to a frame grounding terminal of the chassis 41 via
each resistance 44 and the common inner capacitance Ci. For
example, the resistance value of each resistance 44 is 75Q2 and
the capacitance value of the common inner capacitance Ci is
1000 pF. Further, the secondary winding 435 of each pulse
transformer 43 is connected to the LAN controller 50.

(Setting of Withstand Voltage Performance in Second
Embodiment)

The setting of withstand voltage performance in the second
embodiment is set in the same way as in the first embodiment.

(Operation in Second Embodiment)

An explanation will be given to an operation (I) at normal
time and an operation (II) at abnormal time in the second
embodiment.

(D Operation at Normal Time

Similar to the first embodiment, at the time of transmission
in the protection target device 40A, a transmission pulse
signal output from the LAN controller 50 is transmitted to the
modular jack 42 via four pulse transformers 43-1 to 43-4 and
four isolation transformers 13-1 to 13-4. The transmission
pulse signal transmitted to the modular jack 42 is transmitted
to the LAN cable 30 via the modular plug 31.

Also, at the time of reception in the protection target device
40A, areception pulse signal transmitted from the LAN cable
30 is input in the modular jack 12 via the modular plug 31.
The reception pulse signal input in the modular jack 42 is
received in the LAN controller 50 via four isolation trans-
formers 13-1 to 13-4 and four pulse transformers 43-1 to
43-4.

(II) Operation at Abnormal Time

Similar to the first embodiment, for example, the withstand
voltage of the isolators 13 (=13-1 to 13-4) is set to around 13
kV. Further, the withstand voltage of the inner capacitance Ci
is set to around 1.5 kV and the electrostatic capacitance value
is set to 1000 pF, and, in response to this, the electrostatic
capacitance value of the parasitic capacitance Cs is setto 115
pF or 10 pF.

In a case where the abnormal voltage Vmax (e.g. 13 kV)
such as a lightning surge enters from the LAN cable 30,
similar to the first embodiment, the current of the abnormal
voltage Vmax passes from the primary winding 13a to the
secondary winding 135 through capacitance coupling by the
parasitic capacitance Cs of each isolation transformer 13. The
current of the abnormal voltage Vmax passing through the
parasitic capacitance Cs of each isolation transformer 13 is
released to the ground side via the medium tap of the first
winding 43a in each pulse transformer 43, each resistance 44
and the inner capacitance Ci. At this time, since the parasitic
capacitance Cs and the inner capacitance Ci are connected in
series to the ground side, the abnormal voltage Vmax is
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divided by the parasitic capacitance Cs and the inner capaci-
tance Ci, the divided voltage Vs is added to the parasitic
capacitance Cs and the divided voltage Vi is added to the inner
capacitance Ci.

The electrostatic capacitance value of the inner capaci-
tance Ci is set to 1000 pF, and, in response to this, the elec-
trostatic capacitance value of the parasitic capacitance Cs is
setto 115 pF or 10 pF. Therefore, since the divided voltage Vi
of the inner capacitance Ci is below 1.5 kV, the inner capaci-
tance Ci is not damaged.

Meanwhile, with respect to the withstand voltage perfor-
mance system value of 13 kV in the isolator 10, if the abnor-
mal voltage Vmax (e.g. 1.2/50 ps and 15 kV) such as a
lightning surge enters from the LAN cable 30, there are risks
that: the isolation transformers 13 (=13-1 to 13-4) are sub-
jected to breakdown; an excessive abnormal current is let out
from the side of the primary winding 13a of these isolation
transformers 13 to the side of the secondary winding 135; and
the protection target device 40A is broken. To protect the
breakdown of the protection target device 40A from the
abnormal voltage Vmax equal to or above the withstand volt-
age as described above, the withstand voltage performance
system value of the isolation transformer 13 may be set to a
value equal to or above 13 kV according to the predictable
abnormal voltage Vmax. Also, in a case where there is a risk
that the chassis 41 is burst by thermal expansion of air in the
chassis 41 due to such an abnormal current, for example,
similar to the first embodiment, it may be possible to adopt a
preventative measure of forming the pressure release hole 26
in the side surface of the chassis 41 and sealing this hole 26 by
the seal 27.

(Effect of Second Embodiment)

According to the second embodiment, the similar effect to
the effect (1) in the first embodiment is provided. Further, four
isolation transformers 13 (=13-1 to 13-4) forming the com-
munication line isolator 10A are incorporated in the chassis
41 on the side of the protection target device 40A. Therefore,
by omitting components such as the LAN cable 14 and the
modular plug 15 illustrated in FIG. 1A, it is possible to down-
size the whole device.

Third Embodiment

(Configuration in Third Embodiment)

FIG. 8A is a rough circuit configuration diagram illustrat-
ing a communication line isolator 10B according to the third
embodiment of the present invention and FIG. 8B is a rough
circuit configuration diagram illustrating the protection target
device 40B according to the third embodiment. In these FIG.
8A and FIG. 8B, the same reference numerals are assigned to
the same components as the components in FIGS. 1A and 1B
illustrating the first embodiment.

The communication line isolator 10B according to the third
embodiment is an external isolation-type LAN SPD (e.g.
10Base-T or 100Base-TX SPD corresponding to Ethernet
(registered trademark) standard) with high pressure resis-
tance performance and without grounding. This isolator 10B
is detachably connected between the LAN cable 30 and the
protection target device 40B corresponding to a communica-
tion device.

Similar to the first embodiment, the isolator 10B has the
chassis 11 formed with an isolation member (e.g. synthetic
resin member), and the modular jack 12 is attached to the side
surface of this chassis 11. In the chassis 11, the transmission
isolation transformer 13-1 and the reception isolation trans-
former 13-2 are stored. The isolation transformers 13-1 and
13-2 each include the primary winding 13a and the secondary
winding 136, where each primary winding 13a is connected
to the modular jack 12 and each secondary winding 135 is
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connected to the one end of the LAN cable 14. Similar to the
first embodiment, there is the parasitic capacitance Cs
between the primary winding 13¢ and the secondary winding
135 of the isolation transformers 13-1 and 13-2. Similar to the
first embodiment, the other end of the LAN cable 14 is pulled
out from the side surface of the chassis 11 to the outside, and
the modular plug 15 is connected to the other end of the LAN
cable 14. The modular plug 15 is detachably attached to the
protection target device 40B.

Similar to the first embodiment, the protection target
device 40B includes, for example, an ONU, an HGW and a
PC, and each component is stored in the chassis 41 as follows.
The modular jack 42 is attached to the side surface of the
chassis 41. In the chassis 41, the transmission pulse trans-
former 43-1, the reception pulse transformer 43-2, six resis-
tances 44-1, 44-2 and 45-1 to 45-4 for impedance matching,
the common inner capacitance Ci and the LAN controller
50B as an inner circuit or the like are stored.

Similar to the first embodiment, the pulse transformers
43-1 and 43-2 each include the primary winding 43« and the
secondary winding 435, each primary winding 43a is con-
nected to the modular jack 42 and each secondary winding
4354 is connected to the LAN controller 50B. The medium tap
in the primary winding 43a of each of the pulse transformers
43-1 and 43-2 is grounded to a frame grounding terminal of
the chassis 41 via the resistances 44-1 and 44-2 and the
common inner capacitance Ci. Four available electrodes of
the modular jack 42 are grounded to the frame grounding
terminal of the chassis 41 via the resistances 45-1 to 45-4 and
the common inner capacitance Ci. Similar to the first embodi-
ment, for example, the resistance value of each of the resis-
tances 44-1, 44-2 and 45-1 to 45-4 is 75€2 and the capacitance
value of the common inner capacitance Ci is 1000 pF.

The LAN controller 50B has a transmission and reception
function to transmit and receive a transmission pulse signal
and reception pulse signal in a switching manner. This LAN
controller 50B is configured to: at the time of transmission,
transmit a transmission pulse signal generated in a non-illus-
trated protection target device itself to the transmission pulse
transformer 43-1; and, at the time of reception, receive a
reception pulse signal transmitted from the reception pulse
transformer 43-2 and give it to the non-illustrated protection
target device itself.

Other configurations are similar to the first embodiment.

(Setting of Withstand Voltage Performance in Third
Embodiment)

The setting of withstand voltage performance in the third
embodiment is set in a similar way to the first embodiment.

(Operation in Third Embodiment)

An explanation will be given to an operation (I) at normal
time and an operation (II) at abnormal time in the third
embodiment.

(D Operation at Normal Time

At the time of transmission in the protection target device
40B, a transmission pulse signal output from the LAN con-
troller 50B is transmitted to the modular jack 12 via the
transmission pulse transformer 43-1, the modular jack 42, the
modular plug 15, the LAN cable 14 and the transmission
isolation transformer 13-1. The transmission pulse signal
transmitted from the modular jack 12 is transmitted to the
LAN cable 30 via the modular plug 31.

Also, at the time of reception in the protection target device
40B, a reception pulse signal transmitted from the LAN cable
30 is received in the LAN controller 50B via the modular plug
31, the modular jack 12, the reception isolation transformer
13-2, the LAN cable 14, the modular plug 15, the modular
jack 42 and the reception pulse transformer 43-2.
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(II) Operation at Abnormal Time

Similar to the first embodiment, for example, the withstand
voltage of the isolation transformers 13-1 and 13-2 is set to
around 13 kV. Further, the withstand voltage of the inner
capacitance Ci is set to around 1.5 kV and the electrostatic
capacitance value is set to 1000 pF, and, in response to this,
the electrostatic capacitance value of the parasitic capaci-
tance Cs is set to 115 pF or 10 pF.

In a case where the abnormal voltage Vmax (e.g. 13 kV)
such as a lightning surge enters from the LAN cable 30,
similar to the first embodiment, the current of the abnormal
voltage Vmax passes from the primary winding 13a to the
secondary winding 135 through capacitance coupling by the
parasitic capacitance Cs of the isolation transformers 13-1
and 13-2. The current of the abnormal voltage Vmax passing
through the parasitic capacitance Cs of the isolation trans-
formers 13-1 and 13-2 is released to the ground side via the
medium tap of the first winding 434 in the pulse transformers
43-1 and 43-2, the resistances 44-1 and 44-2 and the inner
capacitance Ci. At this time, since the parasitic capacitance
Cs and the inner capacitance Ci are connected in series to the
ground side, the abnormal voltage Vmax is divided by the
parasitic capacitance Cs and the inner capacitance Ci, the
divided voltage Vs is added to the parasitic capacitance Cs
and the divided voltage Vi is added to the inner capacitance
Ci

The electrostatic capacitance value of the inner capaci-
tance Ci is set to 1000 pF, and, in response to this, the elec-
trostatic capacitance value of the parasitic capacitance Cs is
setto 115 pF or 10 pF. Therefore, since the divided voltage Vi
of the inner capacitance Ci is below 1.5 kV, the inner capaci-
tance Ci is not damaged.

Meanwhile, with respect to the withstand voltage perfor-
mance system value of 13 kV in the isolator 10B, if the
abnormal voltage Vmax (e.g. 1.2/50 us and 15kV) such as a
lightning surge enters from the LAN cable 30, similar to the
first embodiment, there are risks that: the isolation transform-
ers 13-1 and 13-2 are subjected to breakdown; an excessive
abnormal current is let out from the side of the primary
winding 13a of these isolation transformers 13-1 and 13-2 to
the side of the secondary winding 135; and the protection
target device 40B is broken. If such an abnormal current is
flowed, in the chassis 11 storing the isolation transformers
13-1 and 13-2, thermal expansion of air due to the abnormal
current causes a rapid increase of an inner pressure, the seal
27 sealing the hole 26 of the chassis 11 is removed or broken
and the inner pressure is discharged from the hole 26 to the
outside. By this means, it is possible to prevent a burst of the
chassis 11.

Also, similar to the first embodiment, to protect the break-
down of the isolator 10B from the abnormal voltage Vmax
equal to or above the withstand voltage as described above,
the withstand voltage performance system value of the isola-
tor 10B may be set to a value equal to or above 13 kV
according to the predictable abnormal voltage Vmax.

(Effect of Third Embodiment)

According to the third embodiment, the similar effects to
the effects (i) and (ii) in the first embodiment are provided.
Fourth Embodiment

(Configuration in Fourth Embodiment)

FIG. 9 is a rough circuit configuration diagram illustrating
the communication line isolator 10C and the protection target
device 40C according to the fourth embodiment of the present
invention. In this FIG. 9, the same reference numerals are
assigned to the same components as the components in FIGS.
8A and 8B illustrating the third embodiment.
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The communication line isolator 10C according to the
fourth embodiment is a built-in isolation-type LAN SPD (e.g.
10Base-T or 100Base-TX SPD corresponding to Ethernet
(registered trademark) standard) with high pressure resis-
tance performance and without grounding. In this isolator
10C, the transmission isolation transformer 13-1 and the
reception isolation transformer 13-2 forming the communi-
cation line isolator 10C are set in the chassis 41 storing the
protection target device 40C corresponding to a communica-
tion device.

The modular jack 42 is attached to the side surface of the
chassis 41 storing the protection target device 40C. The
modular plug 31 connected to the LAN cable 30 is detachably
attached to the modular jack 42. In the chassis 41, the trans-
mission isolation transformer 13-1 and the reception isolation
transformer 13-2 forming the communication line isolator
10C, the transmission pulse transformer 43-1 and the recep-
tion pulse transformer 43-2, six resistances 44-1, 44-2 and
45-1 to 45-4 for impedance matching, the common inner
capacitance Ci and the LAN controller 50B as an inner circuit
or the like are stored.

As illustrated in FIG. 8A, the isolation transformers 13-1
and 13-2 each include the primary winding 13« and the sec-
ondary winding 135, where each primary winding 13a is
connected to the modular jack 42 and each secondary wind-
ing 135 is connected to the primary winding 43a of each of the
pulse transformers 43-1 and 43-2. Similar to FIG. 8B, the
medium tap in the primary winding 43a of each of the pulse
transformers 43-1 and 43-2 is grounded to a frame grounding
terminal of the chassis 41 via the resistances 44-1 and 44-2
and the common inner capacitance Ci. Similar to the third
embodiment, four available electrodes of the modular jack 42
are grounded to the frame grounding terminal of the chassis
41 via the resistances 45-1 to 45-4 and the common inner
capacitance Ci. Similar to the third embodiment, for example,
the resistance value of each of the resistances 44-1, 44-2 and
45-1 to 45-4 is 7582 and the capacitance value of the common
inner capacitance Ci is 1000 pF. Further, the secondary wind-
ing 435 of the pulse transformers 43-1 and 43-2 is connected
to the LAN controller 50B.

(Setting of Withstand Voltage Performance in Fourth
Embodiment)

The setting of withstand voltage performance in the fourth
embodiment is set in the same way as the third embodiment.

(Operation in Fourth Embodiment)

An operation at normal time and an operation at abnormal
time in the fourth embodiment are substantially the same as
the third embodiment.

Also, as the operation at abnormal time, similar to the
second embodiment, with respect to a withstand voltage per-
formance system value of 13 kV in the isolation transformers
13-1 and 13-2, if the abnormal voltage Vmax (e.g. 1.2/50 us
and 15 kV) such as a lightning surge enters from the LAN
cable 30, there are risks that: the isolation transformers 13-1
and 13-2 are subjected to breakdown; an excessive abnormal
current is let out from the side of the primary winding 13a of
these isolation transformers 13-1 and 13-2 to the side of the
secondary winding 135; and the protection target device 40C
is broken. To protect the breakdown of the protection target
device 40C from the abnormal voltage Vmax equal to or
above the withstand voltage as described above, the withstand
voltage performance system value of the isolation transform-
ers 13-1 and 13-2 may be set to a value equal to or above 13
kV according to the predictable abnormal voltage Vmax.
Also, in a case where there is a risk that the chassis 41 is burst
by thermal expansion of air in the chassis 41 due to such an
abnormal current, for example, similar to the first embodi-
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ment, it may be possible to adopt a preventative measure of
forming the pressure release hole 26 in the side surface of the
chassis 41 and sealing this hole 26 by the seal 27.

(Result of Fourth Embodiment)

According to the fourth embodiment, the similar effect to
the effect (1) in the first embodiment is provided. Further, two
isolation transformers 13-1 and 13-2 forming the communi-
cation line isolator 10C are incorporated in the chassis 41 on
the side of the protection target device 40C. Therefore, by
omitting components such as the LAN cable 14 and the
modular plug 15 illustrated in FIG. 8A, it is possible to down-
size the whole device.

Fifth Embodiment

FIG. 10 is a rough circuit configuration diagram illustrating
main components of a protection target device 40D according
to the fifth embodiment of the present invention. In this FIG.
10, the same reference numerals are assigned to the same
components as the components in FIGS. 1A and 1B illustrat-
ing the first embodiment.

In the protection target device 40D according to the fifth
embodiment, a common mode choke coil 46 is connected in
series between the modular jack 42 and the primary winding
43a of the pulse transformer 43-1. Similarly, although it is not
illustrated, the common mode choke coil 46 is connected in
series between the modular jack 42 and the primary winding
43a of each of the other pulse transformers 43-2 to 43-4. By
setting such the common mode choke coil 46, a common
mode noise is suppressed and the performance of the protec-
tion target device 40D is improved.

Also, if the above modular jack 42 is also provided in the
second embodiment, the third embodiment and the fourth
embodiment, the performance of the protection target devices
40A, 40B and 40C is improved.

Other Variation Example of First to Fifth Embodiments

The present invention is not limited to the above first to fifth
embodiments and various utility forms or variations are pos-
sible. As these utility forms or variation examples, for
example, there are following (a) to (c).

(a) The communication line isolators 10, 10A, 10B and
10C and the protection target devices 40, 40A, 40B, 40C and
40D according to the first to fifth embodiments may be
changed to other circuits or configurations than those in the
drawings. For example, in FIG. 1A or FIG. 8A, it may be
changed to a configuration in which the LAN cable 14 is
omitted and the modular plug 15 is attached to the side surface
of the chassis 11. Also, the resistances 44-1 to 44-3 and 45-1
to 45-4 in the protection target devices 40,40A, 40B, 40C and
40D may be omitted. Further, in FIG. 3A and FIG. 3B,
although the isolation transformer 13 is packaged every line
like the isolation transformers 13-1 to 13-4, they may be
collectively packaged for all lines.

(b) A synthetic resin member forming the chassis 11 may
be changed to other isolation members such as ceramics.

(c) In the first to fifth embodiments, although an explana-
tionis given to the communication line isolators 10, 10A, 10B
and 10 C with respect to the LAN cable 30, the communica-
tion line isolator of the present invention is applicable to other
communication lines than the LAN cable 30.

What is claimed is:

1. A communication line isolator that is configured with an
isolation transformer including a primary winding connected
to a communication line and a secondary winding connected
to a protection target device that performs communication
with the communication line, and blocks a lightning surge
voltage entering from the communication line to protect the
protection target device, wherein:
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the protection target device has a pulse transformer and an
inner circuit to transmit/receive a pulse signal to/from
the communication line via the pulse transformer and
perform the communication, the pulse transformer
includes a primary winding connected to a side of the
secondary winding of the isolation transformer and a
secondary winding connected to the inner circuit side of
the protection target device, and a medium tap in the
primary winding of the pulse transformer is grounded
through an inner capacitance of the protection target
device; and

a parasitic capacitance caused between the primary wind-
ing and the secondary winding in the isolation trans-
former and the inner capacitance are connected in series
such that the lightning surge voltage is divided by the
parasitic capacitance and the inner capacitance, and a
capacitance value of the parasitic capacitance is set such
that a divided voltage of the inner capacitance is equal to
or below a predetermined value.

2. The communication line isolator according to claim 1,

wherein:

the isolation transformer is stored in a chassis formed with
an isolation member and is externally attached to the
protection target device;

a pressure release hole is formed in an outer surface of the
chassis; and

the hole is sealed by a seal that can be opened when an inner
pressure of the chassis increases.

3. The communication line isolator according to claim 2,

wherein the isolation member is a synthetic resin member.

4. The communication line isolator according to claim 1,
wherein the isolation transformer is incorporated in the pro-
tection target device.

5. The communication line isolator according to claim 1,
wherein the medium tap is grounded through a resistance for
impedance matching and the inner capacitance.

6. The communication line isolator according to claim 1,
wherein the primary winding of the pulse transformer is con-
nected to the side of the secondary winding of the isolation
transformer through a common mode choke coil.

7. The communication line isolator according to claim 1,
wherein the communication line is a local area network.

8. The communication line isolator according to claim 5,
wherein the primary winding of the pulse transformer is con-
nected to the side of the secondary winding of the isolation
transformer through a common mode choke coil.

9. The communication line isolator according to claim 2,
further comprising:

the isolation transformer;

a first input/output connector that is connected to the pri-
mary winding of the isolation transformer and detach-
ably connected to the communication line; and

a second input/output connector that is connected to the
secondary winding of the isolation transformer and
detachably connected to the protection target device,
wherein:

the isolation transformer and the first connector are stored
in the chassis; and

the second connector is pulled out from the chassis by a
cable.

10. The communication line isolator according to claim 3,

further comprising:

the isolation transformer;

a first input/output connector that is connected to the pri-
mary winding of the isolation transformer and detach-
ably connected to the communication line; and
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a second input/output connector that is connected to the
secondary winding of the isolation transformer and
detachably connected to the protection target device,
wherein:

the isolation transformer and the first connector are stored
in the chassis; and

the second connector is pulled out from the chassis by a
cable.

11. The communication line isolator according to claim 3,

further comprising:

the isolation transformer;

a first input/output connector that is connected to the pri-
mary winding of the isolation transformer and detach-
ably connected to the communication line; and

a second input/output connector that is connected to the
secondary winding of the isolation transformer and
detachably connected to the protection target device,

wherein the isolation transformer, the first connector and
the second connector are stored in the chassis.
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